The National Lung Screening Trial demonstrated that screening for lung cancer improved overall survival (OS) and reduced lung cancer mortality in the 55-to 74-year-old age group by increasing the proportion of cancers detected at an early stage. Because of the increasing life expectancy of the American population, we investigated whether screening for lung cancer might benefit men and women aged 75-84 years.
INTRODUCTION
The results of the National Lung Screening Trial (NLST) were reported in 2011 (1). This study randomized 53,454 patients who had at least a 30-pack-year history of smoking, did not have a previous history of lung cancer, and were between ages 55 and 74 years old to receive three annual low-dose computerized tomograms (CT) or a single posteroanterior chest X-ray. Patients in the CT arm had a 20% relative reduction in lung cancer-specific mortality and a 6.7% reduction in the risk of death from any cause. These reductions appear due to finding cancers at a much earlier, more curable stage than otherwise expected (1, 2). However, this trial did not include individuals aged 75 years or older (defined as "elderly"), yet more than half of all lung cancers in North Americans occur in patients aged over 70 years (3, 4) . The elderly population in the United States is increasing rapidly. Life expectancy has increased over time in all races, and the burden of lung cancer remains substantial in the elderly (5) . Women aged 75 years have an average life expectancy of 12.9 years, and men have an average of 11.0 years (6) .
We therefore chose to investigate whether screening might be beneficial in the elderly population (75-84 years old) by determining the outcome for patients with Stage I non-small cell lung cancer (NSCLC) in this age cohort and comparing it to that of patients 55-74 years old. Our findings suggest that individuals in both age cohorts have similar outcomes when treated in the same fashion, and therefore screening may be of benefit to elderly individuals at increased risk of lung cancer who are fit enough to undergo treatment.
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DATA AND METHODS
DATA SOURCE
Data for this study were taken from the surveillance epidemiology and end results (SEER) program of the National Cancer Institute (NCI), which started to collect and publish cancer incidence and survival data from population-based cancer registries in 1973. The "SEER-9" registries are Atlanta, Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Francisco-Oakland, Seattle-Puget Sound, and Utah. Data are available for cases diagnosed from 1973 and later for most of these registries. The "SEER-18" database used in this study includes the above registries and those in Los Angeles, San Jose-Monterey, Rural Georgia, Greater California, Kentucky, Louisiana, New Jersey, Greater Georgia, and the Alaska Native Tumor Registry (7) . Data are available from all cases diagnosed from 2000 and later for these registries. The SEER-18 sites cover approximately 28% of the American population (8) .
COHORT SELECTION
Since small cell lung cancer rarely presents at an early stage even when screening is employed (1-2.2%) (9), we excluded patients with this histology from our study. We included adults aged 55-84 years who were diagnosed with NSCLC in the SEER-18 data-base during [2004] [2005] [2006] [2007] [2008] [2009] . A total of 191,868 patients aged 55-74 years and 94,828 patients aged 75-84 years met the eligibility criteria. Since the data from the SEER registry are de-identified, no IRB approval was requested.
Outcome was examined for the 14,007 patients with NSCLC diagnosed during the years 2004-2009 for whom sufficient information was collected to assess the outcome of treatment in relation to patient and histopathologic variables. Patients included in this investigation had NSCLC as their first primary cancer, tumor size 4 cm or smaller, clinical T1-2N0 disease, extension codes 100, 110, or 300, and only one type of local treatment (e.g., patients receiving both radiation and surgery were excluded).
OUTCOME VARIABLES AND OTHER COVARIATES
The outcome variables were overall survival (OS) and lung cancerspecific survival (LCSS). Deaths from other causes were treated as censoring events. The exploratory variable of main interest was the type of treatment that patients received. Treatments were categorized as: observation only; radiation only; subtotal resection (sub-lobar resection; segmental resection, including lingulectomy; or wedge resection); and lobectomy or greater (lobectomy or bilobectomy, with or without extension to include the chest wall; lobectomy with mediastinal node dissection; extended lobectomy or bi-lobectomy, not otherwise specified; pneumonectomy with mediastinal node dissection; or pneumonectomy, not otherwise specified).
Other variables (in addition to age cohort) examined for their potential effect on outcome were: gender; year of diagnosis; marital status; race; Hispanic origin; tumor size; histology; grade; location; and extension. Median follow-up time was 26 and 21 months in the 55-to 74-and 75-to 84-year-old age groups, respectively.
STATISTICAL ANALYSIS
The incidence rates of NSCLC per 100,000 individuals in the SEER-18 population were calculated via SEERSTAT. T -tests were performed to analyze if there was significant difference in incidence rates by age group. Trend analyses were used to determine if incidence rates exhibit an increasing or decreasing trend over time. Chow tests were used to determine whether the slopes in two linear trend lines of incidence rates were equal by age group (10).
Chi-square and t -test were used to compare difference between the two age cohorts with respect to treatment, patient characteristics, and tumor characteristics. OS and LCSS were calculated using Kaplan-Meier estimation (11) . The statistical significance of differences between these rates was calculated using the log-rank test. Cox proportional hazards model estimates (12) were used to show how treatment and other covariates were related to outcome. The older cohort was divided into two age groups in the multivariate analyses (aged 75-79 and 80-84 years). The hazards ratio (HR) for treatments and their corresponding p-values were estimated from the regression coefficient, and the standard error from the proportional hazards models.
To better understand the relationship of treatment and survival between the age cohorts, we included an interaction effect between treatment and age group in proportional hazards models. All multivariate analyses were conducted using SAS software version 9.2, and all statistical tests assumed a two-tailed α = 0.05.
RESULTS
The annual incidence rates per 100,000 persons for NSCLC were significantly higher in the 75-84-year-old age group than in the younger age group (Figure 1) . Of note, the annual incidence rates increased over time for the older female age cohort (p = 0.0017) while staying stable for older males and younger females and decreasing for younger males (p = 0.0065). The Chow tests revealed significant difference in the slopes of trend lines (p = 0.0017), especially for women (p = 0.0011). The proportion of NSCLC cases fell in the 55-74 group and increased in the 75-84 group during the study period for all stages as well as Stage I tumors ≤4 cm (data not shown).
Characteristics of the 14,007 patients who met our study's eligibility criteria for outcome analysis (9,588 in the younger and 4,419 in the older cohorts) are listed in Table 1 . The study cohort was evenly distributed during [2004] [2005] [2006] [2007] [2008] [2009] , and the yearly distributions were not significantly different in the two age groups. The proportion of widowed patients in the younger group was substantially lower than in the older group (13.7 vs. 33.5%; p < 0.0001); 54.1% of patients in the younger group were female, which was lower than the older group (56.7%, p = 0.0049); and 85.7% of patients in the younger group were white, lower than in the older group (89.4%, p < 0.0001). Approximately 96% of www.frontiersin.org Figure 2 show the proportion of NSCLC patients who died (crude death rates) from lung cancer by treatment and age group during 2004-2009. Lung cancer was the most common cause of death in all treatment groups in the younger age cohort. Lung cancer was also the most common cause of death in all treatment groups in the older cohort. Crude death rates from lung cancer decreased in both age cohorts as the aggressiveness of treatment increased.
Table 2 also shows that the 5-year OS rates improved significantly with increasingly aggressive treatment in both the 55-75 and 75-84-year age groups. The survival curves in Figure 3 again revel that OS improved significantly with increasingly aggressive treatment in the 75-84 group among both genders. The survival curves in the older group for each treatment appear to be similar to those for the younger group.
Adjusted risks of death were determined using standard multivariate Cox proportional hazards models, including year of diagnosis, marital status, race, Hispanic ethnicity, tumor size, tumor grade, tumor location, histology, tumor extension, and treatment covariates. the hazards models in males and females in three age groups (the elderly group was split into 75-to 79-and 80-to 84-year age groups). Similar to the younger cohort, the risk of death due to any cause in the 75-79 and 80-84-year age group was significantly higher in patients treated with subtotal resection, radiation, or observation than for patients treated with lobectomy or greater. Multivariate analysis included an interaction effect between treatment and age group showed that there are gender differences in how aggressive treatment affects outcome for patients in different age cohorts ( Table 4) . For female patients, the survival benefits of aggressive therapy are similar between 55-74 and 75-84 year-old age groups. In contrast, the survival benefits of aggressive therapy are different between the 55-74 group and the 75-84 group in male patients. Causes of mortality and death rates within 90 days of treatment are listed in Table 5 . The mortality rates within the observation arms exceeded those of the active treatment arms for both age group categories.
Frontiers in Oncology | Radiation Oncology
DISCUSSION
After the NLST trial report appeared, an expert panel composed of members of the National Comprehensive Cancer Network (NCCN), American College of Chest Physicians, American Society of Clinical Oncology, and American Cancer Society reviewed the literature and endorsed screening in patients aged 55-to 74-years who have a 30-pack-year history of smoking who continue to smoke or quit smoking within the past 15 years (13) . However, the American Association for Thoracic Surgery recommended screening for smokers and former smokers with a 30-pack-year history of smoking and long-term lung cancer survivors aged 55-79 years (4) . The NCCN has recommended screening according to risk criteria starting at the age of 50, but did not recommend an upper age limit (14). Elderly patients were not included in four prospective, randomized trials investigating the role of low-dose CT screening (15) (16) (17) (18) . Although three trials included patients older than the NLST [maximum age 75, 76, and 80 years, respectively (19) (20) (21) ], all are much smaller and have not reported an effect of CT screening on LCSS and OS. This is unfortunate, since the elderly make up a rapidly increasing part of the population of the United States and other industrialized countries, and their incidence rate of lung cancer is higher than for younger age groups.
The role of aggressive treatment for lung cancer in elderly patients has been controversial. Clearly some patients who might be eligible for a screening program based on smoking history will not receive either radiation or surgery because of refusal or co-morbidities. Additionally, smoking-related co-morbidities and quality of life worsen in the elderly smoking population as compared to younger patients (22) . However, in our investigation, lung cancer remains the most common cause of death for patients in this age group who develop this diagnosis, and aggressive treatment seemed to benefit those who underwent it (particularly for women). Moreover, lung cancer deaths remain the most common cause of death despite the inclusion of only Stage I tumors and without the exclusion of patients with multiple co-morbidities. Additionally, despite the broad spectrum of treating physicians in SEER, the 90-day mortality remained low (<6%) in all active treatment arms, suggesting appropriate candidate selection. Because the majority of patients receive a definitive surgical procedure in the younger and older populations (84.2 and 69.0%, respectively), we assume that like past studies (23, 24) , those patients not selected for surgery most likely were medically inoperable. It should be emphasized that even in this unselected population, the majority of the elderly population with Stage I NSCLC were able to receive surgery, the standard of care, with relatively low rates of mortality (30-and 31-to 90-day mortalities were 2.1 and 3.5% in the lobectomy group and 1.8 and 3.5% in the sub-lobar resection group) during the post-operative time period.
As a society, we must be concerned with the costs of screening as well as the radiation exposure in the patients undergoing screening. Nevertheless, low-dose CT screening could also be used to detect other smoking-related ailments such as coronary artery disease, chronic pulmonary disease, and osteoporosis (25) as well as other smoking-related cancers (26). Furthermore, because radiographic signs associated with COPD (pulmonary artery enlargement and percentage of lung with a density of ≤−950 Hounsfield units) (27, 28) are associated with acute COPD and changes in FEV1, such changes could be used for evaluation and treatment.
There are many limitations to the SEER database. It does not include information concerning co-morbidities, past or present cigarette use, type of radiotherapeutic treatment [stereotactic body radiation therapy (SBRT) or conventional external beam], family history of cancer, medications, chemotherapeutic treatments, occupational exposures, symptoms of lung cancer, and recent weight loss. Additionally, our patient population is predominantly www.frontiersin.org Caucasian, therefore, our results may not pertain to other racial groups. Nonetheless, we feel that the findings from our study are provocative.
The success of any screening program depends upon the ability to find early-stage disease and whether treatment of early-stage disease is beneficial. Because lung cancer survival depends greatly upon initial tumor stage (29) and only small improvements in survival have been seen in the last several decades in advanced disease (30) , we feel that our study may help identify a population who were not identified in the initial screening studies and who may benefit from lung cancer screening. Although, screening may result in unnecessary treatment for breast and prostate cancers, our results show that even in Stage I tumors (4 cm or less in size) almost 40% of patients in both the younger and older groups will succumb to lung cancer if they do not receive radiation or surgery. Additionally, despite the expected increase in smoking-related comorbidities with age (22) , the majority of the elderly population received surgical treatment and had an increase in survival as the treatment became increasingly aggressive similar to the younger patient group who would be eligible for screening. Furthermore, lung cancer is the most frequent cause of cancer death in both genders (31) . It should be noted that our results demonstrate an increasing incidence of lung cancer, and beneficial effects from aggressive treatment in the 75-to 84-year-old age group, but they do not suggest a screening population per se. Like the NLST, we eliminated all patients with previous lung cancer and information concerning co-morbidities was not available. Additionally, co-morbidity data within large administrative databases depend upon the accuracy of coding which has been noted to be subject to much variability and underreporting in the past (32) (33) (34) . However, differently than the NLST, smoking history was not known. Therefore we could not limit our analysis to patients with a 30-pack-year history of smoking. Nevertheless, because greater than 85% of lung cancers in the US are caused by cigarette smoking (35) , the majority of patients in our study were most likely current or past cigarette smokers. Furthermore, even within the NLST, it appears the further refinement of eligible patients would result in a more optimal selection of candidates for screening. Sixty percent of patients at highest risk for lung cancer death in 5 years accounted for 88% of screening-prevented lung cancer deaths. These authors noted similar results when assessing the benefits of screening according to lung cancer incidence and that both the estimate of lung cancer death and incidence increased with age (36) . Therefore, we feel that prospective studies are needed to assess the most beneficial populations to screen for lung cancer, but we do not feel that patients should be discriminated against screening based upon age alone.
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We feel that the beneficial effects of treatment may have been underestimated in our patient population. SEER-18 represents approximately 28% of the US population regardless of physician expertise or hospital volume. Because lung cancer surgery depends greatly upon both hospital (37) and physician volume (38) , the surgical outcomes may not be optimized. Additionally, SBRT has higher control rates than conventional radiotherapy and may offer an improvement in survival and control rates similar to surgical resection (24, 39) . However, as of 2007, only 1.1% of the patients with Stage I NSCLC in the Medicare-SEER population received SBRT as compared to 14.8% who received conventional radiotherapy (40) . Therefore, the full beneficial effects of radiotherapy are probably under appreciated in our investigation. Moreover, SBRT can be easily administered to patients with multiple co-morbidities and may result in fewer patients being observed (39) .
CONCLUSION
Because the rates of lung cancer are rising in the elderly and because increasingly aggressive treatment is beneficial in these patients, screening the 75-to 84-year-old age groups may be beneficial. Furthermore, it should be noted that most of this unselected, elderly population was able to undergo a definitive surgical resection. As recently shown in patients who were eligible for the NLST, even in the 55-to 74-year-old age group, further refinement of the at-risk patient populations is needed to find who would benefit most from screening (33) . We feel that patients 75 and older should not be discriminated against lung cancer screening based upon age alone. 
